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Abstract

Background & Aims—Alterations in central corticotropin-releasing factor (CRF) signaling
pathways have been implicated in the pathophysiology of anxiety disorders and irritable bowel
syndrome (IBS). We aimed to characterize the effects of the CRF receptor 1 (CRF-R1) antagonist,
GW876008, on brain and skin conductance responses (SCR) during acquisition and extinction of
conditioned fear to the threat of abdominal pain in subjects with IBS and healthy individuals
(controls).

Methods—We performed a single center, randomized, double-blind, 3-period crossover study of
11 women with IBS (35.50 + 12.48 y old) and 15 healthy women (controls) given a single oral
dose (20 or 200 mg) of the CRF-R1 antagonist or placebo. Blood-oxygen-level-dependent
(BOLD) responses were analyzed using functional magnetic resonance imaging in a tertiary care
setting.

Results—Controls had greater SCR during acquisition than extinction, validating the fear
conditioning paradigm. In contrast, during extinction, the women with 1BS had greater SCR than
controls—an effect normalized by administration of a CRF-R1 antagonist. Although the
antagonist significantly reduced activity in the thalamus in patients with IBS and controls during
acquisition, the drug produced greater suppression of BOLD activity in a wide range of brain
regions in IBS patients during extinction, including the medial prefrontal cortex, pons,
hippocampus, and anterior insula.

Conclusion—Although CRF signaling via CRF-R1 is involved in fear acquisition and extinction
learning related to expected abdominal pain in patients with IBS and controls, this system appears
to be upregulated in patients with IBS. This upregulation might contribute to the previously
reported abnormal brain responses to expected abdominal pain.

Keywords

corticotropin-releasing factor receptor 1 (CRF-R1) antagonist; irritable bowel syndrome; fear
conditioning and extinction

Introduction

IBS is a common gastrointestinal disorder characterized by chronically recurring abdominal
pain and discomfort, altered bowel habits, and increased anxiety and hypervigilance to
symptom-related stimuli.! We have previously demonstrated that group differences in brain
responses to aversive rectal distension are almost completely accounted for by differences in
brain responses to the expectation of such a stimulus, suggesting an important role of
conditioned responses to chronic abdominal pain.2 Consistent with this concept,
hypervigilance to and arousal by symptom-related stressors (interoceptive and contextual
cues) previously associated with distressing gastrointestinal sensations/symptoms may be
viewed in the context of Pavlovian fear conditioning, where neutral stimuli (e.g., a light
signal) are paired with aversive sensations (e.g., abdominal pain).3 Further evidence to
support an important role for aversive visceral learning and memory processes in visceral
pain comes from a recent report demonstrating fear conditioning (learned anticipatory fear
response) to rectal pain stimuli in healthy control subjects (HCs).# From this perspective,
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persistent hypervigilance to and arousal by symptom-related stressors in IBS may result
from deficits in the ability to extinguish conditioned fear responses, resulting in symptom
persistence even in the absence of abnormal visceral input.? Similar impairments in fear
conditioning and extinction learning have been implicated in several other stress-related
disorders, including PTSD.%-8 Extinction is not a process of “unlearning” but rather a
process by which new learning of fear inhibition occurs and is superimposed over the
initially acquired learned response.® 10 Such impaired learning processes could play a role
in post infectious IBS, where failure to extinguish associations between Gl activity and
abdominal pain acquired during the acute infection, results in persistent hypervigilance
towards gut related signals.

Corticotropin-releasing factor (CRF) is considered the principal coordinator of the vertebrate
stress response via widespread actions on peripheral and central targets, all of which serve to
orchestrate a host of autonomic, neurochemical, and behavioral responses to stress.11: 12
Perturbations to this system in humans have been linked to a variety of psychiatric disorders
and stress-sensitive syndromes, including anxiety disorders!3 and irritable bowel syndrome
(1BS).14-16 For example, we have recently demonstrated that exaggerated brain responses to
a pain threat in IBS patients were attenuated by acute administration of a CRF receptor 1
(CRF-R1) antagonist.1’

It remains unknown if IBS patients show similar alterations in the acquisition and/or
extinction of fear conditioning as has been reported for patients with certain anxiety
disorders, and which brain regions and neuromodulatory systems might be involved. Indirect
evidence from clinical trials with cognitive behavioral therapies in IBS suggests that a
significant component of the success of these therapies is related to the effort to extinguish
persistent conditioned fear responses towards Gl related signals and sensations. Given the
high comorbidity of stress-related anxiety disorders with 1BS,8: 19 coupled with the link
between disturbances in fear conditioning and extinction and dysregulation of the CRF/
CRF-R1 signaling system,20 we hypothesized that a similar emotional learning process
might underlie the chronicity of IBS symptoms. We used functional magnetic resonance
imaging (fMRI) and skin conductance response (SCR) measurement in female I1BS patients
and HCs to characterize the effects of a selective CRF-R1 antagonist, GW876008, on brain
responses during acquisition and extinction of conditioned fear to an abdominal pain
stimulus. By using a pain stimulus to the body site most often reported by IBS patients as
the site of their abdominal pain (e.g., left lower quadrant) as the unconditioned stimulus, and
a visual cue as the conditioned stimulus, we aimed to test the following hypotheses: 1) IBS
patients compared to HCs show impaired fear conditioning and extinction learning,
associated with increased sympathetic nervous system (SNS) responses (as indexed by SCR)
and altered activity in fear-related brain circuits. 2) Acute administration of GW876008
modulates activity in these networks in IBS patients compared to HCs during acquisition
and extinction, normalizing the exaggerated response in IBS, and this drug effect may be
dose dependent.
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Materials and Methods

Characterization of the sample

An age-matched sample of right-handed females recruited from the greater Los Angeles
community, 14 of which were diagnosed with IBS (mean age, 35.50 + 12.48 years) and 17
non-1BS HCs (mean age, 33.65 + 15.87 years), participated in this study. All study
participants were recruited by advertisement from the greater Los Angeles population or a
database review from participation in one of our studies previously. IBS was diagnosed
based on ROME Il criteria and assessment by a gastroenterologist or a nurse practitioner
trained in the diagnosis of functional bowel disease. Patients included all bowel habits, 43%
constipation-predominant, 21% diarrhea predominant, and 36% alternating symptoms of
constipation and diarrhea. Participants had a negative urine test for drugs of abuse, lacked
any significant medical problems other than IBS, were free of past or present psychiatric
illness as determined by the Mini International Neuropsychiatric Interview,2! and were not
currently taking any centrally acting medications. All participants were tested in the
follicular phase of their menstrual cycle defined as day 3-14 post-menses. The University of
California, Los Angeles Medical Institutional Review Board approved all procedures, and
each subject provided informed consent. Of the 31 subjects in our sample, 5 individuals (3
IBS, 2 HC) were excluded from the analysis as a result of BOLD signal loss in brain regions
of interest across all or at least one of the three functional Magnetic Resonance Imaging
(fMRI) study treatment visits.

Study design

This was a single center, randomized, double-blind, PLA-controlled, three-period crossover
study of two single oral doses (20 or 200 mg) of the CRF-R1 antagonist, GW876008, versus
PLA. The study consisted of an initial screening and familiarization visit, followed by three

study treatment visits, each separated by approximately one month. Details regarding study

design have been published previously in Hubbard et al., 2011.17

Drug, dosage, and administration

GW876008 (GlaxoSmithKline) is a highly selective and potent antagonist for the G-protein-
coupled CRF receptor 1 subtype.?2 Based on phase Il clinical trials in patients with 1BS, 20
and 200 mg doses of GW876008 were chosen in an attempt to provide a sufficient
therapeutic range.23: 24 PLA tablets were identical to the active GW876008 tablets in all
respects with the exception of omission of the active ingredient. Subjects were assigned to
study treatment in accordance with the randomization schedule provided by
GlaxoSmithKline.

Experimental design

Conditioned fear learning and extinction were examined using a simple fear conditioning
paradigm comprised of three phases, using a pain stimulus applied to the left lower abdomen
as an unconditioned stimulus, and a visual cue (red light) as the conditioned stimulus:
Acquisition, five trials of the visual cue presentation always followed by an aversive
abdominal stimulus (750 ms); Test phase, 10 trials in which the cue was followed by the
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aversive stimulus on only 50% of the trials; and Extinction, 5 trials in which none of the
cues were followed by an aversive stimulus. Each cue presentation lasted for 9 s in each
phase and the inter-trial interval was 20.75 s. Supplemental Figure 1A illustrates the
experimental design.

To deliver the unconditioned stimulus, two electrode stimulation pads were placed 6 cm
apart over each subject’s lower left abdomen in the region overlaying the sigmoid colon.
The threat of a pain experience in this region would be expected to generate anticipatory
anxiety and hypervigilance since many IBS patients observe pain and show tenderness on
physical exams to the left lower abdomen. A Digitimer constant-current stimulator (model
DS7A; Digitimer) was used to deliver the transcutaneous electrical stimulation to the
abdomen. Stimulation consisted of a pulse train lasting 750 ms with a 2 ms pulse width and
a frequency of 37 Hz. During visit 2 (familiarization visit) for each subject, individual pain
thresholds used in visits 3-5 were determined using method of limits procedure beginning
with a current intensity of 1.0 mA, which was increased in 0.5 mA steps until the subject
reported the stimulus was “aversive but tolerable”. The maximum output of the Digitimer is
100mA. The pain stimulus was used as the unconditioned stimulus in this fear-conditioning
paradigm and not given to assess visceral perception or pain sensitivity, or the effect of the
CRF-R1 antagonist on such subjective responses. The expectation of the abdominal pain
stimulus has been shown to activate thalamus, MCC and right aINS (See Supplemental
Figure 2). This pattern of activation is nearly identical to that previously reported in female
IBS patients during expectation of aversive rectal balloon distension.? Before the start of the
fear conditioning and learning task, each subject underwent an emotional faces task (data to
be presented in a separate report) followed by an anticipation or threat of abdominal pain
task.1” Supplemental Figure 1B illustrates the fear conditioning paradigm.

Skin conductance response (SCR)

Continuous skin conductance was measured from the second and third fingers of the left
hand using MRI compatible electrodes. The signal was sampled at 1000 Hz using a Biopac
recording system and AcqKnowledge software version 4.0 (Biopac, Inc, Goleta CA) which
was used to filter the raw data with a 0.05 Hz high pass filter and then identify and measure
amplitude of event related SCR to the cue period using a latency window of 1-3 seconds
and a SCR threshold of 0.01 microsiemens (uS).

fMRI methods

The data were acquired in a whole body 3.0 Tesla Siemens Trio unit and processed using
Statistical Parametric Mapping 8 (SPM8; Wellcome Trust Centre for the Study of Cognitive
Neurology, London, UK). For each subject, one functional BOLD run was acquired (echo
planar T2-weighted gradient echo; repetition time, 3000 ms; echo time, 28 ms; flip angle,
90°; matrix size, 64 x 64; 36 axial slices; field of view, 20 cm; 3 mm thick, skip 1 mm),
lasting 12 min. A high-resolution T1-weighted magnetization prepared rapid acquisition
gradient echo MRI was acquired to aid in the registration of functional images. Functional
images were slice-time and motion corrected, spatially normalized to the MNI template, and
spatially smoothed with an 8 mm3 Gaussian kernel using SPMS.
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Statistical analyses

Subject-level analyses based on changes in BOLD contrasts were performed with the
general linear model (GLM) in SPM8. The first level model included the 30 second
crosshair presented at the beginning and the end of the experiment, 5 cues presented during
Acquisition, 10 cues presented during the Test phase, 5 cues presented during Extinction, 5
shocks received during Acquisition, 5 shocks received during the Test phase, inter-trial
interval fixation crosshairs, and motion realignment regressors.

To quantify brain response to the cue, we created first level beta contrast images by
subtracting response to the crosshair presented during the inter-trial interval from response
to cue for each trial (i.e., cue-crosshair). These first level contrast images were then entered
into an independent sample t-test to assess for group differences during PLA administration
in brain response to the cue during Acquisition and Extinction. To assess the effects of the
drug, first level beta contrast images representing brain response to the cue (compared to
crosshair) during PLA, 20, and 200 mg during Acquisition or Extinction were entered as
dependent variables in random effect GLMs using the flexible factorial design in SPM5 with
subject, group, and drug specified as factors. A priori contrast analysis using the GLM
framework was applied to test for group differences in brain response to the cue during 20
and 200 mg of GW876008 compared to PLA.

Region of interest analysis

Anatomically defined region of interest (ROIs) involved in Acquisition, Test and Extinction
of conditioned fear were selected based on a literature review 25-30 and included anterior
and posterior insula (aINS, pINS), dorsolateral and ventrolateral prefrontal cortex (dIPFC,
VIPFC), medial PFC (mPFC), anterior midcingulate cortex (aMCC), pregenual anterior
cingulate cortex (pACC), subgenual ACC (sgACC), amygdala (AMYG), hypothalamus
(HYPO), hippocampus (HIPP), thalamus (THAL), midbrain, and dorsal pons. Whole brain
analysis results were thresholded at p < 0.001 uncorrected and ROIs tested using small
volume correction where significance was interpreted at p < 0.05 after implementing family-
wise error correction.

SCR analysis

Results

To test for group and condition differences in SCR, we performed linear contrast analysis on
estimates from a mixed-effect model for repeated measured data was applied in SAS 9.2,
specifying subject as a random effect and group, drug, and condition (Acquisition, Test,
Extinction) as factors. Sensitivity analyses performed with randomization order as a
covariate did not alter the results, therefore this variable was excluded as a factor in the
models.

Clinical sample characteristics

Table 1 provides the descriptive and inferential statistics for clinical characteristics of the
two groups (IBS, n = 11; HCs, n = 15), assessed prior to randomization. IBS patients as a
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group reported slightly higher, but non-pathological levels of trait anxiety compared to HCs
(49.448.2 vs. 40.5+9.3; p = 0.02), as well as higher state anxiety on all 3 test days.

Skin conductance responses during conditioned fear and learning task

SCR during PLA—As shown in Figure 1 and Table 2 for IBS during PLA, SCR was
significantly lower in Acquisition compared to Extinction, t(1161) = -2.83, p = 0.005.
Between group tests indicated greater SCR in HCs compared to IBS during Acquisition,
t(192) = 2.89, p = 0.004 and greater SCR in IBS compared to HCs during Extinction,
t(1910) = -3.17, p=0.002.

Effects of drug compared to PLA on SCR—Significant group differences were
observed for change in SCR from PLA to 20 mg, t(1181) = -3.06, p = 0.002, and 200 mg,
t(1181) = -2.22, p = 0.03. This difference was due to an increase in SCR during drug
compared to PLA for IBS, and a decrease for HCs (Table 2, Figure 1).

During Extinction, group differences for SCR were observed between PLA and drug doses
of 20 mg, t(1181) = 2.10, p = 0.036, and 200 mg, t(1181) = 2.67, p = 0.008. This difference
was due to a decrease in SCR during drug compared to PLA for IBS and no differences for
HCs.

Brain activity during conditioned fear and learning task

PLA condition—Extensive group differences in brain activity to the cue were observed
between HCs and patients. During Acquisition, patients compared to HCs had greater
activity in right ventral aINS extending to the vIPFC (k = 60, p = 0.007, 38, 24, -10, Z =
4.88). On the other hand, greater activity was seen in HCs compared to IBS in bilateral
dorsal aINS, pINS, aMCC, THAL, midbrain (including periaqueductal gray [PAG]) and
dorsal pons as well as right HIPP, left mPFC, right pACC, right dIPFC, left vIPFC
(Supplemental Table 1, Figure 2).

During Extinction, IBS had greater activity than HCs in ventral brain regions including right
pINS and bilaterally in AMYG, HIPP, HYPO, pACC, sgACC, aINS, vIPFC, mPFC,
midbrain, dorsal pons (PAG) and THAL (Supplemental Table 2, Figure 3). Conversely, HCs
had greater activity bilaterally in dIPFC (Supplemental Table 3). Of note, significant
bilateral THAL deactivation was observed for HCs whereas IBS showed activation of this
region during Extinction. No significant deactivations during Extinction were observed for
IBS.

Effect of CRF-R1 antagonist versus PLA—During Acquisition, no significant group
differences were observed following 20 mg of GW876008 compared to PLA. The only
within group effect during Acquisition was suppression of bilateral midbrain region in HCs
(right midbrain: 2, -=36, —10, k = 5; left midbrain: -2, -26, -10, k = 9, p < 0.05, FWE
corrected).

During Extinction, the effects of 20 mg of GW876008 on brain activity in response to the
cue indicated greater suppression of pons and left midbrain in IBS compared to HCs (left
pons: k =309, -2, —24, -34, z = 4.34; right pons: k = 72, 4, —24, —-36, z = 4.38 and 18 -36

Gastroenterology. Author manuscript; available in PMC 2014 December 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Labus et al.

Page 8

—-34, k = 18, z = 3.54; left midbrain: k = 10, -2 -28 -20, z = 3.43, p < 0.05, FWE corrected).
In addition to suppression in pontine regions, within-group analysis of IBS indicated the
midbrain region was also suppressed during Extinction.

Within-group analyses during the Acquisition phase demonstrated that the 200 mg dose of
the CRF-R1 antagonist significantly suppressed lateralized clusters of activity in the THAL
in both patients (k =9, p=10.04, z = 3.83, —20, -30, 6) and HCs (k = 21, p=0.032, z = 3.68,
14, -28, 4) and additionally suppressed midbrain activity in IBS (k = 13, p=0.03, z = 3.35,
6, —34, —8). However, no significant group differences were observed during Acquisition. In
contrast, during Extinction, 200 mg of the CRF-R1 antagonist compared to PLA produced
greater suppression of brain activity in IBS patients compared to HCs for bilateral mPFC,
pons, left aINS and right HIPP (Table 3). No brain regions were suppressed by 200 mg of
the CRF-R1 antagonist in HCs compared to IBS during Extinction. In fact, within-group
analyses indicated that in HCs no regions showed significant suppression during Extinction
following CRF-R1 administration at the 200 mg dose compared to PLA. Within-group
analysis of IBS patients showed that 200 mg of the antagonist compared to PLA produced
suppression bilaterally in the mPFC, midbrain, HIPP, THAL, and pons/brainstem as well as
the right aINS (Table 4). No brain regions showed significant differences in activation
during CRF-R1 antagonist administration compared to PLA during Acquisition or
Extinction in either IBS or HCs.

Discussion

The aims of this study were to identify differences in the involvement of the CRF/CRF-R1
signaling system in brain responses during acquisition and extinction of conditioned fear to a
pain stimulus delivered to the sigmoid region between IBS patients and HCs. Patients and
HCs differed in their central and autonomic responses to the conditioning paradigm. In IBS,
the CRF-R1 antagonist produced greater suppression of BOLD activity in a wide range of
brain regions during extinction, and this inhibition was associated with a reduction of SCR.
During acquisition, it had similar inhibitory effects in both groups on thalamic activity,
while SCR was reduced in HCs, and normalized in patients. Despite the relatively small
sample size both the observed effects of the antagonist on autonomic and brain responses
were large (Z>3.0). These data suggest that while CRF/CRF-R1 signaling plays a role in
fear acquisition and extinction learning in both IBS and HCs, its relative involvement in
both phases of fear conditioning differs significantly between groups. The greater
involvement in IBS patients during extinction suggests that observed impairments in
emotional learning may be related to an up-regulation of the CRF/CRF-R1 signaling system.

Brain and skin conductance responses during acquisition and extinction under placebo

In the current study, we used a somatic pain stimulus aimed at the sigmoid region of the
abdomen as the unconditioned stimulus. The brain regions activated by this paradigm were
nearly identical to those found to be activated by the expectation of aversive rectal
distension in a recent study by our group,? confirming the validity of the paradigm to probe
emotional learning mechanisms related to abdominal pain expectation. Greater activation of
neural circuits known to mediate acquisition and expression of conditioned fear2>: 26 was
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seen in HCs compared to IBS patients, and this was associated with greater SCRs. Brain
regions showing greater activation included the mPFC, AMYG, bilateral dorsal INS, THAL,
HIPP, midbrain and dorsal pons. One possible explanation for these group differences may
be the fact that IBS patients have existing conditioned fear responses resulting from previous
learned associations involving distressing abdominal symptoms, engage fewer brain regions,
and exhibit reduced autonomic responses to such familiar sensations during acquisition. As
we did not use an unpaired control stimulus, we cannot rule out that the observed responses
during acquisition were due to sensitization, rather than associative learning. However, the
fact that increases in brain responses was reversed during extinction argues against such a
possibility.

In contrast to the generally reduced brain responses in IBS during acquisition, patients
showed significantly greater activation compared to HCs in the right aINS, a brain region
found to be activated in association with increased uncertainty and encoding of anticipatory
signals in relation to conditioned fear.2% 31 Increased activation in the aINS during
anticipation of rectal distension? 32 and cortical thinning in this subregion have also been
reported in IBS patients.33: 34 The finding of greater activity in the aINS during acquisition
of fear conditioning in IBS substantiates previous findings, and further indicates that IBS
patients are hyper-responsive to anticipatory signals that engender prediction of uncertain
outcomes.

In contrast to the findings during acquisition, patients showed greater brain activity
compared to HCs during extinction, and this was associated with a greater SCR. Activated
brain regions included bilateral AMYG, HIPPO, HYPO, as well as subregions of the mPFC,
ACC, and insular cortices. Patients also showed greater BOLD activity in diencephalic,
midbrain and brainstem structures. The AMYG is thought to be critically involved in the
acquisition, expression and extinction of conditioned fear, whereas subregions of the mPFC
and HIPP mediate fear suppression (extinction learning) and extinction retention and
recall.10: 35 The fact that we observed greater activation in these regions as well as other
neural structures known to mediate extinction learning suggests that disrupted fear
extinction mechanisms may contribute to symptom chronicity in some IBS patients. These
results partially overlap with a neurocircuitry model of PTSD,8 in that IBS patients, like
patients with PTSD, show increased AMYG activity during extinction. However, we also
expected concomitant decreases in the HIPP and mPFC activity, two brain regions with
inhibitory effects on the AMYG, mediated by GABAergic projections. Instead, IBS patients
showed increased BOLD activity in both of these regions. There are several possible
explanations for these findings including: 1) The mPFC is composed of several functionally
distinct subregions, which based on rodent studies may have inhibitory or excitatory effects
on the amygdala3®. 2) The findings may be related to the observed reductions in BOLD
activity in the dIPFC in IBS compared to HCs during Extinction. The dIPFC has been
implicated in higher-order executive functions including inhibitory cognitive control and
emotion regulation, selective attention and visuospatial working memory.37-3% Reductions
in dIPFC activity have been associated with intense negative emotions such as anxiety and
sadness in healthy individuals, and patients with PTSD and major depression.40-43
Moreover, previous neuroimaging studies have reported diminished dIPFC functioning in
IBS compared to HCs during painful rectal distension.#4 4% Thus, reduced dIPFC activity
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despite greater activity of other brain regions that normally inhibit AMYG (HIPP and
mPFC) may be sufficient to produce ineffective corticolimibic inhibition in IBS.

Drug effects on brain responses during acquisition and extinction

Compared to PLA, acute administration of the lower dose of the CRF-R1 antagonist
produced no significant regional group differences in BOLD activity during acquisition,
while higher doses significantly suppressed lateralized clusters of activity in the THAL in
both groups.

During extinction, both doses of the CRF-R1 antagonist produced greater suppression of
BOLD activity in the dorsal pons for IBS compared to HCs. This finding is important given
the dorsal pons contains the locus coeruleus complex (LCC), which sends dense
noradrenergic projections to neural substrates known to mediate extinction learning and
retrieval, including the AMYG, HIPP and mPFC.46. 47 In addition, in IBS, higher doses of
the antagonist produced extensive reductions in BOLD activity bilaterally for the mPFC as
well as the right HIPP and left aINS. The major pathway implicated by animal models in the
extinction of conditioned fear comprises mPFC inhibitory projections to the AMYG. The
HIPP and aINS have also been implicated in a common core network for human aversive
conditioning and are known to play a critical role in extinction learning and retrieval.26: 30
Furthermore, non-human primate studies have identified the widespread distribution of CRF
and CRF-R1 throughout the PFC, HIPP, INS, and LCC.%8: 4° The fact that the CRF-R1
antagonist selectively attenuated activity in these regions in IBS but not HCs is consistent
with impaired extinction learning in IBS patients, and suggests hyperactivity of the CRF/
CRF-R1 signaling pathway within this network may contribute in part to this abnormality.

Drug effects on SCR during acquisition and extinction

Following PLA administration, HCs showed greater SCR compared to patients during
acquisition. In light of evidence suggesting IBS patients may have previously learned
associations for threat-related visceral and contextual cues, these results could be
interpreted as due to priming of already established fear conditioned circuits leading to
diminished SCR compared to HCs.

In contrast, during extinction, IBS patients showed significantly greater SCR compared to
HCs following PLA, indicating that IBS patients displayed hyper-responsive SNS responses
to a previously conditioned fear-related threat, a finding likely due to deficits in the ability to
properly extinguish these responses. These results are consistent with previous research
demonstrating hypervigilance and enhanced SNS functioning during anticipation of an
aversive visceral stimulus in female IBS patients.>%-52 More importantly, our results showed
that administration of either low or high doses of the antagonist during extinction effectively
abolished SNS hyper-responsivity in patients, but had no discernable effect on HCs.
Although the exact mechanism by which this occurs cannot be ascertained by these data
alone, IBS symptom chronicity may be due, in part, to HPA sensitization following repeated
stress exposure, perhaps via up-regulation of this receptor in the hypothalamus and/or dorsal
pontine brainstem nuclei (e.g., LCC), both of which are critically involved in maintenance of
stress-related behaviors and autonomic arousal. Indeed, CRF-R1 binding and mRNA
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expression have been identified in the HYPO and LCC, as well as other regions comprising
fear extinction circuitry.48. 49. 53, 54

Conclusions and clinical implications

To our knowledge, this is the first evidence obtained in human subjects that implicate
engagement of the CRF/CRF-R1 signaling system in the modulation of brain and autonomic
responses during an emotional learning paradigm. Even though this study was not designed
or powered to evaluate the role of trait and state anxiety on emotional learning in IBS
patients, our findings are consistent with an extensive literature on such a relationship.5%: 56
On the one hand, conditioned fear to aversive signals from the body and an upregulation of
the central CRF/CRF-R1 signaling system are likely to play an important pathophysiological
role in the characteristic findings of both non-pathological trait anxiety levels in the majority
of IBS patients” and in the higher frequency of comorbid anxiety disorders.>” On the other

hand, increased levels of trait and state anxiety in the IBS group, may have contributed to
the observed group differences in emotional learning in the current study, as previously
described in patients with anxiety disorders & 10 and rodent models of such disorders.58: 59

Our findings demonstrate the possibility that up-regulation of CRF/CRF-R1 signaling in IBS
plays a role in the impaired extinction learning in these patients, manifesting as persistent
hypervigilance towards gastrointestinal signals and symptoms.2 60 The fact that alterations
in fear learning can be acutely normalized by oral administration of a selective CRF-R1
antagonist may have implications for IBS pathophysiology and future drug development.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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mPFC medial prefrontal cortex
MNI Montreal Neurological Institute
PAG periaqueductal gray
PLA placebo
pINS posterior insula
pACC pregenual anterior cingulate cortex
SCR skin conductance responses
SgACC subgenual ACC
SNS sympathetic nervous system
THAL thalamus
VvIPFC ventrolateral prefrontal cortex
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Figure 1.

Estimated means for SCR amplitude (uS) and standard errors during Acquisition, Test, and
Extinction for PLA, 20 mg and 200 mg doses of the CRF-R1 antagonist (CRF-R1A) for IBS
(blue) and HCs (red).
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Figure 2.
Brain regions showing greater BOLD responses to the cue during Acquisition in HCs

compared to IBS patients during PLA condition. Whole-brain maps threshholded at p <
0.001, uncorrected.
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Figure 3.
Brain regions showing greater BOLD responses to the cue during Extinction in IBS patients

compared to HCs during PLA condition. Whole-brain maps threshholded at p < 0.001,
uncorrected.
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